Background: Hidradenitis suppurativa (HS) is a chronic inflammatory skin disorder which involves painful nodules and draining abscesses in flexural areas. Acne vulgaris and its more severe variants including acne conglobata and acne fulminans are also disorders involving the follicular unit. Given that follicular obstruction, dilatation and inflammation feature in both HS and acne vulgaris/conglobata, it has been suggested that HS is associated with acne vulgaris/conglobata. Methods: The present systematic review and meta-analysis was performed according to recommended PRISMA guidelines. All eligible case-control studies comparing patients with HS vs non-HS were included in the present review. All studies must have included either the proportion of patients with acne vulgaris/conglobata in each group, or the summary effect size for association between HS and acne vulgaris/conglobata. The odds ratio (OR) was used as a summary statistic.
Introduction
Hidradenitis suppurativa (HS) is a chronic inflammatory skin disorder which involves painful nodules and draining abscesses in flexural areas, particularly the axillae, submammary areas, groin and perineum (Jemec 1988) . HS can have a detrimental impact on quality of life, especially with the formation of fistulas, sinus tracts and scarring. These features result from obstruction and inflammation of the follicular unit (Yu and Cook 1990) .
There is increasing evidence that HS is a systemic inflammatory disorder, associated with other systemic disorders including cardiovascular disease, diabetes, metabolic syndrome and autoimmune disorders including thyroid disease (Dessinioti et al. 2014; Shlyankevich et al. 2014) .
Acne vulgaris and its more severe variants including acne conglobata and acne fulminans are also disorders involving the follicular unit (White 1998) . Mild disease is characterised by formation of inflammatory papules and pustules along with comedones in acne vulgaris, whereas more severe forms involve nodules and nodulocystic lesions. Given that follicular obstruction, dilatation and inflammation feature in both HS and acne vulgaris/ conglobata, it has been suggested that HS is associated with acne vulgaris/conglobata (Wertenteil et al. 2019 ). Furthermore, both HS and acne vulgaris and its variants have similar underlying risk factors, including female gender predisposition and association with hyperandrogenism and polycystic ovarian syndrome (PCOS) (Perkins et al. 2012; Bhate and Williams 2013; Housman and Reynolds 2014) . However, few studies have directly investigated the association between HS and acne vulgaris/conglobata.
To address current limitations in the evidence, we performed a systematic review and meta-analysis of available case-control studies investigation the relationship between HS and acne vulgaris/conglobata.
Methods

Search strategy
The present systematic review and meta-analysis was performed according to recommended PRISMA guidelines (Moher et al. 2009 ). As no human or animal subjects were involved in this study, ethics approval was not required. Electronic searches were performed using Ovid MEDLINE, PubMed, Cochrane Central Register of Controlled Trials (CCTR), Cochrane Database of Systematic Reviews (CDSR), ACP Journal Club, Database of Abstracts of Review of Effectiveness (DARE), EMBASE and PsycINFO from their dates of inception to 8 August 2018. To achieve maximum sensitivity of the search strategy and identify all studies, we combined the terms "hidradenitis suppurativa", "acne inversa", "verneuil", "acne conglobata", "acne vulgaris", as either keywords or MeSH terms (Additional file 1: Table S1 ). The reference lists of all retrieved articles were reviewed for further identification of potentially relevant studies. All identified articles were systematically assessed using the inclusion and exclusion criteria.
Selection criteria
All eligible case-control studies comparing patients with HS vs non-HS were included in the present review. All studies must have included either the proportion of patients with acne vulgaris/conglobata in each group, or the summary effect size for association between HS and acne vulgaris/conglobata. When institutions published duplicate studies with accumulating numbers of patients or increased lengths of follow-up, only the most complete reports were included for quantitative assessment at each time interval. All publications were limited to those involving human subjects. Language was not an exclusion criterion. Abstracts, case reports, conference presentations, editorials and expert opinions were excluded. Review articles were omitted because of potential publication bias and duplication of results.
Data extraction and quality assessment
All data were extracted from article texts, tables and figures. Data collected included study characteristics, the proportion of patients with acne vulgaris/conglobata in the HS cohort vs non-HS control cohort. If the proportion data was not available, then the effect size either in the form of odds ratio, relative risk or hazard ratio with 95% confidence interval was collected. Both unadjusted and adjusted effect sizes were pooled for meta-analysis. Discrepancies between the two reviewers were resolved by discussion and consensus. The strength of evidence for each outcome was evaluated using the Grading of Recommendations, Assessment, Development and Evaluations (GRADE) approach and presented as a summary of findings to identify the certainty of all pooled outcomes (Balshem et al, 2011) . Each study was then assessed against the Newcastle-Ottawa Scale which accounted for criteria such as selection, comparability and outcome to evaluate the quality of its design.
Statistical analysis
The odds ratio (OR) was used as a summary statistic. In the present study, the random-effects model was tested, where it was assumed that there were variations between studies. The random-effects model was presented to take into account the possible clinical diversity and methodological variation between studies. χ 2 tests were used to study heterogeneity between trials. I 2 statistic was used to estimate the percentage of total variation across studies, owing to heterogeneity rather than chance, with values greater than 50% considered as substantial heterogeneity. I 2 can be calculated as I 2 = 100% × (Qdf)/ Q, with Q defined as Cochrane's heterogeneity statistics and df defined as the degree of freedom Specific analyses considering confounding factors were not possible because raw data were not available. All P values were two-sided. All statistical analysis was conducted with Review Manager Version 5.3 (Cochrane Collaboration, Software Update, Oxford, UK).
Results
Search strategy
A total of 1271 references were identified from electronic database search using the search strategy in Additional file 1: Table S1 . After application of inclusion and exclusion criteria, and filtering titles, abstracts and full texts, a final four case-control studies (Wertenteil et al. 2019; Ingram et al. 2018; Lee et al. 2018; Kimball et al. 2018) were included in the present systematic review and meta-analysis. Two studies (Vazquez et al. 2013; Ravn Jørgensen et al. 2019) were excluded as they did not include control groups to compare with HS. The included study characteristics and demographics of these studies are summarised in Table 1 . There were a total of 
Association between HS and acne vulgaris/conglobata
From pooled unadjusted meta-analysis, we found a significantly higher proportion of patients with acne vulgaris/conglobata in HS cases compared to controls (OR 3.44, 95% CI 1.95-6.07, P < 0.0001). There was significant heterogeneity noted (I 2 = 100%, P < 0.0001) Fig. 1 . Pooled meta-analysis was also performed with adjusted effect sizes. This demonstrated that HS was significantly associated with acne vulgaris/conglobata after adjustment for potential confounders (OR 3.44, 95% CI 2.43-4.87, P < 0.00001). Significant heterogeneity was noted (I 2 = 99%, P < 0.00001) Fig. 2 .
Quality assessment
The certainties of the effect estimate for each outcome were deemed to be low-moderate, as per the GRADE criteria 16 due to serious risks of bias (Additional file 1: Table S1 ). According to the Newcastle-Ottawa Scale criteria (Wells et al. 2014) , all studies were identified to be good quality (Additional file 1: Table S2 ).
Discussion
To our knowledge, this is the first meta-analysis investigating the association between HS and acne vulgaris/ conglobata. We demonstrated from both unadjusted and adjusted meta-analysis that patients with HS were associated with a 3.4 higher odds of having acne vulgaris/ conglobata compared to control cases.
Although there have been some published data looking at the association between HS and acne vulgaris/conglobata, this has predominantly been limited to cohort studies with controls. One of the earliest reports (Jemec 1988 ) prospectively compared 70 women with HS symptomatology vs 100 control women who were agematched and healthy. The authors did not find any significant differences between the groups in terms of signs of hyperandrogenism or prevalence of acne vulgaris; however, this study was limited in that only females were included and only representative of a single centre experience. There are several cohort studies published reporting prevalence rates of acne vulgaris in HS of 33-45% (Vazquez et al. 2013; Mortimer et al. 1986; Brunsting 1939 ). Vazquez and colleagues (Vazquez et al. 2013) reported the first population study on this topic, based on the medical record linkage system of the Rochester Epidemiology Project. In their study, they reported a diagnosis of acne in 35.9% of males and 36.7% of females, with acne severity not correlated with HS severity. Mortimer and colleagues (Mortimer et al. 1986 ) studied 42 females with HS from a single institution, of which 19 (45%) had acne vulgaris. They also reported HS patients having higher total concentration of testosterone and free androgen index compared to healthy controls and proposed that these endocrine abnormalities may be the androgenic basis for the disease. HS patients with acne vulgaris has also been shown to have a lower mean age and age of onset of HS compared to HS patients who do not develop acne vulgaris (Ravn Jørgensen et al. 2019) .
The burden of acne vulgaris and conglobata has not been extensively assessed in case-control studies. Wertenteil et al. (2019) performed a cross-sectional analysis comparing 48,050 HS cases and 16,899,470 non-HS controls. They reported an acne vulgaris prevalence of 16.4% in females compared to 11.8% in males. HS patients had a 4.5 times higher odds of having acne vulgaris compared to controls, and the prevalence was higher in females aged 18-44 years, non-whites, obese and patients with PCOS. Ingram et al. (2018) performed an analysis of the national United Kingdom Clinical Practice Research Datalink. The authors also reported a significant association between both proxy-diagnosed and physician-diagnosed HS with acne vulgaris, with odds of 2.17 and 1.77, respectively. However, the authors did not perform subgroup analysis to determine which type of HS patients were at higher risk of developing acne. The aforementioned studies have predominantly focused on Western populations, whereas few studies have focused on the epidemiology of HS in Asian Fig. 1 Forest plot of unadjusted meta-analysis of case-control studies, with pooled effect sizes testing the association between hidradenitis suppurativa (HS) and acne vulgaris and conglobata populations. Lee et al. (2018) performed an analysis of HS and control cases in South Korean using the Korean National Health Insurance database. It was found that HS was also significantly associated with acne conglobata in this Asian population study. This suggests that the pathogenesis underlying the association between HS and acne vulgaris/conglobata may not be dependent on the underlying genetic or racial differences between Western and Asian populations.
There are multiple clinical features which are common to both the development of HS and acne vulgaris/conglobata, including follicular obstruction, dilatation, inflammation and rupture. Common pathological mechanisms, such as excessive activation of the innate immune system and increased cytokine and interleukin-1 release, may lead to neutrophil-rich cutaneous inflammation (Patel et al. 2015; Thein et al. 2004; Cugno et al. 2017) . Interleuki-17 is another cytokine that has been shown to be overexpressed in both HS and acne vulgaris (Agak et al. 2014; Schlapbach et al. 2011) . It plays a role in mobilising neutrophils to peripheral tissues, which may promote cutaneous neutrophil-driven inflammation. Interestingly, the above mechanisms are also integral in systemic inflammatory disorders including inflammatory arthropathies. Patients with HS-related arthritis may also experience other inflammatory skin diseases such as acne congloblata, dissecting cellulitis of the scalp and pilonidal sinus forming the follicular occlusion disorders as well as acne vulgaris and less commonly pyoderma gangrenosum, acral pustular psoriasis and even systemic amyloidosis (Salim et al. 2003; Richette et al. 2014; Girouard et al. 2012) . The combination of inflammatory skin conditions and arthritis may form specific syndromes, including PAPASH (pyogenic arthritis, pyoderma gangrenosum, acne and hidradenitis suppurativa) and PASH (pyoderma gangrenosum, acne vulgaris, hidradenitis suppurativa) syndromes. It has been hypothesised that IL-1 plays a pathogenic role in these auto-inflammatory conditions, a hypothesis that has been strengthened by the improvement of symptoms in response to IL-1 or IL-1 receptor blockade (Leuenberger et al. 2016) . There may also be underlying genetic risk factors that predispose some patients to the development of both acne and HS in PAPASH, including a mutation in the PSTPIP1 gene located on chromosome 15 which is thought to be responsible for activation and assembly of the inflammasome (Braun-Falco et al. 2012) . PASH is typically associated with a NCSTN mutation, a gene coding for the transmembrane receptor involved in notch signalling. However, it was also recently associated with the PSTPIP1 gene mutation (Calderón-Castrat et al. 2016) .
The present study is constrained by several limitations. There is a significant lack of available literature to date directly addressing the relationship between HS and acne vulgaris/conglobata, with only four casecontrol studies of adult cases identified. Of the included studies, only Wertenteil et al. (2019) performed a primary analysis of the prevalence of acne vulgaris amongst HS patients. There is also considerable heterogeneity in the source of cases/control cases amongst the studies, including variation in the racial distribution of included patients, and as such results should be interpreted with significant caution. Diagnostic criteria for HS cases also varied, with registry or large database studies being based on case retrieval by diagnostic code. Furthermore, not all included studies provided adjusted effect sizes for pooled metaanalysis. Given the limitations of the presented data in the included studies, we were unable to perform subgroup analysis to determine whether HS disease severity correlated with acne severity. We were also unable to perform meta-analysis to determine which subgroups of patients had the strongest association of HS with acne vulgaris/conglobata.
Conclusions
In summary, a significant association was found between HS and acne vulgaris/conglobata. This association remained significant even after adjustment of potential confounding factors. This has implications in terms of understanding the burden of disease on patient quality of life as well as consideration of optimal management strategies to target both disorders. Physicians taking care of patients with HS should be aware of this association. Table S1 . Ovid Medline Search strategy used for the present systematic review and meta-analysis . Table S2 . GRADE assessment of primary outcomes to assess the level of evidence contributing to each outcome. OR, hazard ratio; CI, confidence interval. The overall quality score is determined based on the sum of the included domains. Type of evidence is based on design of the included studies. The study quality reflects the blinding and allocation, follow-up and withdrawals, sparsity of data, and methodological concerns. Consistency is graded based on heterogeneity of included population and study end points with respect to one another. Directness is graded based on generalizability of included results. The overall quality of results for each outcome can be considered high (≥ 4 points), moderate (3 points), low (2 points) or very low (≤ 1 point). Table S3 . Newcastle Ottawa Scale for assessment of study quality. The criteria for quality assessment consist of eight criteria, which can be answered as either present/implied (*) or absent (.). The criteria, with maximum score in brackets, are: 1. Representativeness of Cohort (*), 2. Selection of Nonexposed (*), 3. Cohort Ascertainment of Exposure (*), 4.Outcome of Interest (*), 5.Comparability of Cohorts (**), 6. Assessment of Outcome (*), 7.Adequate Duration of Follow-up (*), 8.Adequate Follow-up of Cohort (*).Good quality: 3 or 4 stars in selection domain (Criteria 1-4) AND 1 or 2 stars in comparability domain (Criteria 5) AND 2 or 3 stars in outcome/exposure domain (Criteria 6-8). Fair quality: 2 stars in selection domain AND 1 or 2 stars in comparability domain AND 2 or 3 stars in outcome/exposure domain. Poor quality: 0 or 1 star in selection domain OR 0 stars in comparability domain OR 0 or 1 stars in outcome/exposure domain.
